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DESCRIPTION 
COAXIAL CABLE 

Technical Field 

5 [0001] 

The present invention relates to a coaxial cable having a core conductor, 
an insulator, and an outer conductor. Particularly, the invention relates to a 
coaxial cable having superior durability against torsion as well as superior 
durability against tensile stress and repeated bending. *~ 

10 

Background Art 

[0002] 

In the past, coaxial cables have been widely used as various electric 
wires and cables- such as a signal transmission cable for an industrial robot or 

15 medical equipment such as an endoscope and a diagnostic probe of ultrasonic 
diagnostic equipment; and a cable for internal connection of information 
equipment such as a notebook-sized personal computer, and a portable device 
such as a mobile phone or a PDA. Figure 1 is a perspective view schematically 
showing a structure of a coaxial cable. The coaxial cable 10 has a core 

20 conductor 11, an insulator 12 arranged at the outer periphery of the core 
conductor 11, and an outer conductor 13 arranged, at the outer periphery of the 
insulator 12, coaxially with respect to the core conductor 11, and generally a 
jacket 14 made of resin, etc. is provided around the outer periphery of the outer 
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conductor 13. In many cases, the coaxial cable used in such an electric 

equipment as mentioned above is repeatedly subjected to bending in addition to 

tensile stress during use, which results in accumulation of strain, and in a 

worst case, a cable may be damaged or broken. Therefore, a coaxial cable 

5 widely used has a core conductor 11 made in a stranded wire structure in which 

a plurality of copper or dilute- copper alloy wires 11a are stranded together in 

order to enhance bending resistance. In a patent document 1, in order to 

improve bending resistance, it is proposed to make a core conductor in a 

stranded wire structure in which conductor wires are stranded together such 

10 that the elastic modulus of a central wire is larger than the elastic modulus of 

wires in an outer layer. On the other hand, a patent document 2 proposes that 

a core conductor be made of single solid wire having a specific composition, 

instead of stranded wires, lest an accident such as short circuit occur due to 

loosening of the stranded wires. 

15 [0003] 

Patent document 1- Japanese Patent No. 3376672 

Patent document 2" Japanese Patent Application Publication No. 
2001-23456 



20 Disclosure of the Invention 

Problems to be solved by the invention 
[0004] 

As mentioned above, a conventional coaxial cable has excellent 
durability to tensile stress and repeated bending. However, recently, 
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equipment which performs complicated movement including torsion in addition 
to tensile stress and repeated bending has been developed, and the 
conventional coaxial cable is insufficient in terms of durability to the torsion, 
and accordingly the breakage thereof occurs in a rather early stage of use. 
5 Therefore, the development of a coaxial cable having superior torsion 
resistance is demanded. 
[0005] 

Therefore, the main object of the present invention is to provide a coaxial 
cable having superior torsion resistance in addition to superior durability to 
10 tensile stress and repeated bending. 

Means for solving the problems to be solved 
[0006] 

As a result of examining the relationship between the characteristics of a 
material of a core conductor and the durability of the core conductor until it is 

15 broken in the case where the core conductor is subjected to three kinds of 
movement including tensile stress, repeated bending, and torsion, the present 
inventors found that there is correlation between the elastic modulus (Young's 
modulus) of the core conductor and the performance of the above-mentioned 
three kinds of movement. That is, it was found that in the case of a coaxial 

20 cable having a core conductor of a specific Young's modulus, the durability until 
it is broken is improved significantly as compared with a conventional coaxial 
cable even if the three modes of movement including tension, bending, and 
torsion are applied thereto. Therefore, the present invention achieves the 
above-mentioned object by defining Young's modulus of a core conductor in 
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particular. 

[0007] 

That is, the present invention relates to a coaxial cable comprising a core 

i 

conductor, an insulator arranged around the outer periphery of the core 
5 conductor, and an outer conductor arranged around the outer periphery of the 
insulator coaxially relative to the core conductor. The Young's modulus of the 
core conductor is 245 GPa or more, and the electrical conductivity is 20 %IACS 
or more. 

[0008] 

10 Hereinafter, the present invention is described in detail. 

The coaxial cable of the invention is provided with a core conductor, an 
insulator, and an outer conductor in the enumerated order from the center. In 
addition, the coaxial cable may be equipped with a jacket around the outer 
periphery of the outer conductor. Also, the coaxial cable of the invention may 

15 be a single-core cable having one core that is composed of a core conductor, an 
insulator, and an outer conductor, or a multicore cable comprising a plurality of 
such cores assembled together and a common jacket covering the outer 
periphery of the assembled cores jacket altogether. Moreover, the coaxial 
cable of the invention may be a multicore cable having a structure in which a 

20 plurality of cores each composed of a core conductor, an insulator, an outer 
conductor, and a jacket are assembled together, and in which the assembled 
cores is provided with a common jacket covering the outer periphery of the 
assembled cores altogether. 
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[0009] 

And, the core conductor is designed to have a Young's modulus of 245 
GPa or more. The reason for that is because with less than 245 GPa, 
improvement in the durability available until a cable (particularly the core 
5 conductor) is broken is insignificant when the core conductor is repeatedly 
subjected to the compound movement of tensile stress, bending, and torsion. 
Particularly preferable Young's modulus is equal to or more than 280 GPa. 
Also, in the present invention, the electrical conductivity of the core conductor 
is preferably 20 %IACS or more. The reason for this is because with less than 
10 20 %IACS, the electrical conductivity is so low that Joule heat occurs inside the 
core conductor, which results in increase of transmission loss in the case of 
transmitting a signal. Particularly, 25 %IACS or more is preferable. 
[0010] 

In the present invention, a core conductor is formed of a material having 
15 both of the above-mentioned Young's modulus and electrical conductivity. 
For example, the material of the core conductor may be a metal, particularly, 
one or more kinds of metal selected from the group consisting of tungsten, 
molybdenum, tungsten alloy, and molybdenum alloy. The term "tungsten" as 
used herein means so-called pure tungsten consisting of tungsten and 
20 inevitable impurities, and the term "molybdenum" as used herein means 
so-called pure molybdenum consisting of molybdenum and inevitable 
impurities. Tungsten alloy is, for example, an alloy containing Cu, Al, Si, K, 
Re, Th02, or Ce02 with the balance consisting of tungsten and inevitable 
impurities. Molybdenum alloy is, for example, an alloy containing Cu, Co, Sn, 
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Al, Si, or K with the balance consisting of molybdenum and inevitable 
impurities. 

[0011] 

The core conductor made of the above-mentioned materials may be 
5 formed in either a single solid-wire structure or a stranded-wire structure 
made by stranding a plurality of wires. The core conductor made of a single 
solid wire is advantageous in that (l) in the case of the same cross -sectional 
area (nominal cross-sectional area) of conductor, miniaturization can be made 
further in a single-solid wire structure than in a stranded-wire structure; (2) in 

10 soldering a core conductor to a circuit board with a narrow pitch pattern, the 
single-solid wire structure does not cause a short circuit as in the case of the 
stranded-wire structure that suffers from the loosening of stranding; and (3) 
nonexistence of a wire-stranding process allows the reduction of substantial 
manufacturing cost. Also, even in the case of core conductor having a solid 

15 single wire structure, if Young's modulus of 245 GPa or more is satisfied, 
particularly the torsion resistance thereof is superior as compared with that of 
a conventional core conductor made of stranded copper or copper-alloy wires. 
When a core conductor is made by stranding wires according to the present 
invention, the wires may be formed from the same material or different kinds of 

20 materials. For example, the core conductor may be made by stranding wires 
consisting of pure tungsten and wires consisting of tungsten alloy altogether. 
In this case, the Young's modulus and the electrical conductivity as defined in 
the present invention should be satisfied. For example, the composition of 
each wire may be adjusted. 
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[0012] 

Particularly, when a core conductor is made of a single solid wire, the 
outer diameter of the wire may be 0.01 mm or more and not more than 0.2 mm. 
When bending and torsion are applied to the core conductor, assuming that the 
5 pitch of torsion and the bending radius are the same in the case of bending, the 
larger the outer diameter of the core conductor, the more the quantity of strain 
that occurs in the core conductor surface, which tends to cause breakage 
thereof at an early stage. Therefore, preferably the outer diameter of the core 
conductor is 0.2 mm (200 pm) or less lest the durability prior to breakage be 

10 reduced when two modes of bending and torsion motions are applied to the core 
conductor. Particularly, 0.1 mm (100pm) or less is preferable. Thus, in the 
case of bending and torsion only being applied, the smaller the outer diameter 
of the core conductor, the better. On the other hand, when tensile stress is 
applied in addition to bending and torsion, if the outer diameter of the core 

15 conductor is reduced too much, particularly in the case of the outer diameter 
being reduced to 0.01 mm (10pm) or less, the durability prior to the breakage 
thereof extremely decreases. Therefore, preferably the core conductor made of a 
single solid wire should have the outer diameter of 0.01 mm or more. In the 
case where a core conductor is formed by stranding a plurality of wires, 

20 preferably the outer diameter of each wire is 0.004 mm or more and not more 
than 0.06 mm, and the outer diameter of the core conductor made of the 
stranded wires is preferably 0.1 mm or more and not more than 0.2 mm as in 
the case of single solid wire. 
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[0013] 

Moreover, the core conductor may have a tensile strength of 2450 MPa or 
more. It was found that if the tensile strength is high, the core conductor is 
superior in terms of torsion resistance in addition to bending resistance. More 
specifically, it was found that if the tensile strength is equal to or more than 
2450 MPa, the durability prior to breakage of a core conductor can be improved 
more in the compound mode of tension, bending and torsion. The tensile 
strength can be adjusted depending on the material of the core conductor and 
the wire-drawing conditions. The wire-drawing conditions may be adjusted 
according to the material for forming the core conductor. Generally, the 
tension strength tends to increase as the number of wire-drawing times 
increases. Also, when tungsten or the alloy thereof is used as the forming 
material, it is easy to obtain a tensile strength of 2450 MPa or more. 

[0014] 

Besides, a plated layer may be provided on the surface of the core 
conductor. By providing the plated layer, the core conductor can be improved 
with respect to connectibility with other members. More specifically, when the 
core conductor and the other members are bonded by soldering, the solder 
wettability can be improved by providing a plated layer on the core conductor, 
whereby the connectibility can be improved. Also, in the case where a 
terminal is connected with the core conductor by crimping, the degradation of 
the splice reliability due to the oxidation of the core conductor or the like can be 
prevented by providing a plated layer on the core conductor. Therefore, it is 
possible to improve the splice reliability by using a core conductor having a 
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plated layer, even in the case of a circuit board with a narrow pitch pattern, in a 
situation where there is strong demand for adopting a miniaturized cable, 
particularly a miniaturized core conductor, in compliance with the recent 
increase of signal transmission quantity, for example. 

to 

5 The material for forming such a plated layer may be a metal made of one 

or more kinds selected from the group consisting of Cu, Ni, Sn, Au, Ag, Pd, and 
Zn. It may be one kind of metal element or an alloy plating consisting of one 
or more kinds of metal elements as selected from the above-mentioned group. 
Particularly, Ni, Au, Sn, and Ag are preferable. Also, the suitable thickness of 

10 the plated layer is equal to or less than 5 pm. This is because the mechanical 
characteristics, bending resistance, and torsion resistance characteristics 
deteriorate if the plating exceeding 5 pm is provided. Particularly, the 
preferable thickness is 0.05 - 2.0 pm. In the case of a core conductor formed by 
stranding a plurality of wires, each of the wires to be used therein may be 

15 provided with a plated layer. 

[0015] 

The above-mentioned core conductor is equipped with an insulator 
(dielectric) at the outer periphery thereof. As for the material of the insulator, 
it is preferable to use a material having flexibility in addition to insulation 
20 property. For example, the following are suitable for such material- resins 
such as an epoxy resin, polyester type resin, polyurethane type resin, polyvinyl 
alcohol type resin, vinyl chrolide type resin, vinyl ester type resin, acrylic type 
resin, epoxy acrylate type resin, diallyl phthalate type resin, phenol type resin, 
polyamide type resin, polyimide type resin, and melamine type resin; 
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polyethylene, polyethylene terephthalate, and polypropylene; organic fibers 
made of these resins, and inorganic fibers made of inorganic matter. These 
materials may be used either in singularity or in combination of plural kinds 
thereof. Particularly, a fluorocarbon type resin having low dielectric constant 
and capable of being processed by thinner extrusion is suitable. Materials 
used in a conventional coaxial cable may be used. Such insulator can be formed 
around a core conductor by extrusion. More specifically, the extrusion may be 
performed such that the core conductor is arranged in a mold having a tubular 
hollow region and the above-mentioned resin material is extruded into the 
mold. 

[0016] 

The outer conductor is provided around the outer periphery of the 
above-mentioned insulator. The outer conductor may be formed using the 
same materials as used in outer conductors of conventional small- diameter 
coaxial cables generally used in medical equipment, information equipment, or 
a portable device. The outer conductors of such small- diameter coaxial cables 
are generally made to have flexibility. Such outer conductor may be formed, 
for example, by lapping a small-diameter wire or a thin-thickness and 
small-width tape-shaped wire, which is made of a conductive material such as 
copper or copper-alloy, around the outer periphery of the above-mentioned 
insulator, or by arranging a braided material made of small- diameter 
conductors or small-diameter wires made by stranding extremely 
small-diameter conductors (e.g., litz wire) around the outer periphery of the 
above-mentioned insulator. Also, these tape-shaped wires, small-diameter 
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wires, and extremely small-diameter wires may have a plated layer around the 
outer periphery thereof. The plated layer is preferably made of one or more 
kinds of metals selected from the group consisting of Cu, Ni, Sn, Au, Ag, Pd, 
and Zn. 

[0017] 

A jacket may be provided around the outer periphery of the outer 

conductor. The material of the jacket may be selected appropriately out of 

materials generally used as jacketing materials of coaxial cables. For example, 

the jacket may be made, using a thermoplastic material made of a resin 

selected out of the above-mentioned resins used as materials of an insulator or 

other thermoplastic materials, and by heat adhesion after covering the outer 

periphery of the outer conductor with the thermoplastic material, or by 

extrusion molding in the same manner as in the case of forming an insulator. 

Advantageous effect of the invention 
[0018] 

As described above, the coaxial cable of the present invention is 

advantageous in that it exhibits superior durability with respect to torsion in 

addition to the durability to tensile stress and repeated bending. Thus, the 

time available for use until the core conductor is broken can be extended, and 

accordingly the lifetime of the cable can be extended substantially. 

Brief Description of the Drawings 
[0019] 

[Fig. l] Figure 1 is a perspective view showing the outline of composition 
of a coaxial cable. 

[Fig. 2] Figure 2 is a schematic diagram illustrating a method of torsion 
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test. 

[Fig. 3] Figure 3 is a schematic diagram illustrating a method of bending 

test. 

Explanation of referenced numerals 
[0020] 

10- coaxial cable, 11- core conductor, 11a- wire, 12- insulator, 13- outer 
conductor, 14 " jacket, 20 and 30 • cable subjected to test, 21 and 22: clamp, 
3 1 ' mandrel rod 

Best Mode for Carrying out the Invention 

[0021] 

Hereinafter, preferred embodiments of the invention is described. The 
dimensional ratio of the accompanying drawings does not always represent 
that of the description. 

(Test example l) 

A single-core coaxial cable was made from the materials shown in Table I, 
and a torsion test and a bending test were performed. The coaxial cables used 
in the test were prepared in the following manner. 

[0022] 

< Production of coaxial cables > 

The tungsten wires and molybdenum wires having diameters shown in 
table I were prepared by forming and sintering the respective powders into 
ingots and by subjecting the ingots to hot-swaging and wire-drawing processing. 
Also, the Cu-0.3%Sn alloy wires having a diameter shown in Table I were 
prepared by cold-drawing a wire rod of 8.0 mm prepared by a continuous 
casting and rolling method. The conditions for the forming and sintering of 
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the tungsten and molybdenum powders, hot-swaging, and hot-wire drawing, 
and the conditions for the continuous casting and rolling and the wire -drawing 
condition of the Cu-0.3%Sn alloy wires were the conditions generally adopted 
for preparing wires having small diameters as shown in Table I. Two kinds of 
core conductors, that is, a core conductor made of one wire (single solid wire) 
and a core conductor made by stranding plurality of wires were prepared. The 
wires of sample Nos. 3 and 100 were plated on the outer periphery of the wires, 
and the wires having a plated layer were used for core conductors. The core 
conductors thus obtained were provided with a dielectric (insulator) at the 
outer periphery thereof. In this example, the dielectric was formed by 
extruding a fluorocarbon resin onto the outer periphery of a core conductor. 

An outer conductor (shield) was formed by braiding Sn-plated thin metal 
wires (Cu-0.3 mass % Sn) around the outer periphery of the dielectric. Moreover, 
a jacket was formed by extruding a fluorocarbon resin onto the outer periphery 
of the outer conductor. Thus, a single-core coaxial cable consisting of a core 
conductor, an insulator, an outer conductor, and a jacket, which were arranged 
in the enumerated order from the center was prepared. A plurality of such 
coaxial cables were prepared for every kind of sample having a different core 
conductor. In Table I, "tungsten" is pure tungsten consisting of W and 
inevitable impurities, and "molybdenum" is a pure molybdenum consisting of 
Mo and inevitable impurities. Also, the thickness of a jacket is adjusted so 
that the outer diameter of a cable becomes 0.19 mm. 
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[0024] 

The coaxial cables thus prepared were subjected to a torsion test. In 
the torsion test, a central portion of a test cable 20 was fixed with a clamp 21, 
while the end side of the test cable was held with a clamp 22 as shown in Fig. 2. 
The test cable 20 was twisted with the clamp 22 under the conditions in which 
the distance between the clamp 21 and the clamp 22 (holding length) was 10 
mm, the torsion angle (twisting angle) was ±180 °, and the torsion speed was 60 
times per minute. Thus, the number of twisting times was measured until the 
core conductor was broken (the number of twisting times is determined 
counting as one when a twisting of 180 ° in one direction and another twisting 
of 180 ° in the opposite direction are accomplished). In the present test, the 
average of n=3 was sought. The results are shown in Table 2. 

[0025] 

Also, a bending test was performed with respect to another coaxial cable. 
The bending test was conducted in a left-right bending method. More 
specifically, as shown in Fig. 3, in a state where a central portion of a test cable 
30 was held with metallic mandrels 31 having a circular cross-section (the 
mandrel's outer diameter D- 10 mm) while a load (lOg) was attached to one end 
of the cable 30, the other end side of the cable 30 (a portion on the side where 
the load was not attached, i.e., the upper end side in Fig. 3) was bent by 
90 °each in left and right directions along the outer periphery of the mandrels 
31. Thus, the number of bending times was measured until the core conductor 
was broken, in a manner in which a bending of 90 ° in either direction was 
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counted as one (in Fig. 3, the number of bending times is counted as two in the 
case where after bending in a right direction, a bending in a left direction via 
the perpendicular direction is completed and then a bending in the right 
direction via the perpendicular direction is completed). In the present test, 
5 the average of n=3 was sought. The results are shown in Table II. 

[0026] 

Moreover, Young's modulus (GPa), electrical conductivity (%IACS), and 
tensile strength (MPa) were measured with respect to the core conductors of 
the above-mentioned samples Nos. 1-4, 100, and 101. The core conductors 
10 used for these measurements were not those assembled in the coaxial cables 
but those prepared beforehand as core conductors prior to use in coaxial cables. 
The result are shown in Table II. 
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[0028] 

As shown in Table II, sample Nos. 1-4, which have high Young's modulus, 
i.e., more specifically 245 GPa or more, particularly more than 300GPa, are 
superior in torsion resistance as well as in tensile strength and bending 
resistance. Also, as shown in Table II, they satisfy an electrical conductivity of 
20%IACS or more and can be used satisfactorily as cables for signal 
transmission. Therefore, it was confirmed that the cables of the present 
invention are suitable for use as a coaxial cable used in a place where torsion is 
applied in addition to tensile stress and repeated bending. 

[0029] 

Also, sample No.2, in which the core conductor has a stranded wire 
structure, is superior in the bending resistance and torsion resistance as 
compared with sample No.l. Likewise, sample No.3, which has a smaller wire 
diameter as compared with sample No.l, is superior to sample No.l in terms of 
the bending resistance and torsion resistance. Moreover, sample No.l is 
superior to sample No. 100 (equivalent to a conventional article), which has a 
core conductor of stranded wire structure consisting of copper alloy wires, with 
respect to both of the bending resistance and the torsion resistance. In 
addition, sample No.l is superior in terms of both of the bending resistance and 
the torsion resistance, as compared to sample No. 101, which has a core 
conductor having a structure (a central wire- tungsten; wires in an outer layer- 
copper alloy) as described in the patent document 1. 
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[0030] 

(Test example 2) 

A coaxial cable in which the material of the core conductor was different 
from that of the coaxial cable made for the test example 1 was prepared and 
subjected to a torsion test and a bending test in the same manner as described 
above. The following three kinds of core conductors were prepared- 
Sample No. 5" a single solid wire consisting of tungsten alloy 
(composition- 10 mass % of Cul balance- W and inevitable impurities) (wire 
diameter- 40 pm) 

Sample No.6- a single solid wire consisting of molybdenum alloy 
(composition- 10 mass % of Cul balance- Mo and inevitable impurities) (wire 
diameter- 30 pm) 

Sample No. 7- stranded wires, with a molybdenum wire being arranged 
at the center (wire diameter- 16 pm) and six tungsten wires being arranged in 
an outer layer (wire diameter- 16 pm). 

It was confirmed that the samples Nos. 5*7 were superior in torsion 
resistance as well as in the tensile strength and the bending resistance as in 
the above-mentioned samples Nos. 1-4. The samples Nos. 5-7 exhibited 
Young's modulus of 280 GPa or more, an electrical conductivity of 20%IACS or 
more, and a tensile strength 1800 MPa or more, and particularly, the core 
conductor consisting of tungsten alloy exhibited a tensile strength of 2500 MPa 
or more. 
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[0031] 

(Test example 3) 

Coaxial cables were prepared in which only a plated layer of a core 
conductor was different from the plated layer of sample No.3 used in the test 
example 1, and a torsion test and a bending test were performed in the same 
manner as described above. The core conductors were prepared with the 
following seven kinds of plating. The thickness of each plated layer was 
selected in the range of 0.1 - 1 iim. 

Sample No. 3-1* Cu-plated layer 

Sample No. 3-2* Ni-plated layer 

Sample No. 3-3" Sn-plated layer 

Sample No. 3-4' Au-plated layer 

Sample No. 3-5: Pd-plated layer 

Sample No. 3-6^ Zn-plated layer 

Sample No. 3-7^ Sn-Ag-plated layer 

It was confirmed that the samples Nos. 3-1 through 3-7 were also 
superior in the tensile strength, the bending resistance, and the torsion 
resistance as the above-mentioned sample No.3. The samples Nos. 3-1 through 
3*7 exhibited Young's modulus, electrical conductivity, and tensile strength 
which were similar to those of the sample 3. 

[0032] 

(Test example 4) 

Sixty pieces of the same coaxial cables (cores) were prepared for each of 
sample Nos. 1 to 7, 3-1 to 3-7, 100, and 101, which were prepared in the test 
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examples 1 through 3. Then, coaxial cables having a plurality of these cores 

were produced and subjected to a torsion test and a bending test as in the test 

examples 1 through 3. More specifically, 60 cores were lapped altogether with 

a plastic tape made of fluorocarbon resin, etc. such that a multicore coaxial 

cable having a circular cross-section (cable outer diameter: 2.0 mm) was 

prepared for each of sample Nos. 1 to 7, 3-1 to 3*7, 100, and 101. It was found 

that the multicore coaxial cables having a core conductor of Young's modulus 

245 GPa or more were superior in the tensile strength, the bending resistance, 

and the torsion resistance. Therefore, it was confirmed that the present 

invention enables the above-mentioned superior effect not only in a single-core 

coaxial cable but also in a multicore coaxial cable. 

Industrial applicability 
[0033] 

A coaxial cable of the present invention is suitable for use as a signal 
transmission cable for an industrial robot or medical equipment such as an 
endoscope and a diagnostic probe of ultrasonic diagnostic equipment, or a cable 
for internal connection of information equipment such as a notebook-sized 
personal computer, and a portable device such as a mobile phone or a PDA. 
Particularly, the cables of the present invention exhibit superior durability 
when used in a place where torsion is applied in addition to tensile stress and 
repeated bending. 



